Purpose To summarise our experience treating patients with spinal angiolipomas (SAs) and to evaluate factors relating to its prognosis. Methods We retrospectively reviewed the records of patients diagnosed with SAs who
Introduction
Spinal angiolipomas (SAs) are benign tumours composed of both mature fatty tissue and abnormal vascular elements [1] that represent a distinct clinical and pathological entity. These lesions are most commonly found in the subcutaneous tissue of the trunk and extremities [2] , but other sites have been reported as well. They account for 0.04-1.2 % of all spinal axis tumours [3] , and are predominantly found in the epidural space, where they represent 2-3 % of spinal tumours. SAs have rarely been reported and indeed to our knowledge there has been no systemic study of SAs involving a relatively large number of patients. Reports in the literature comprise either individual case reports or literature reviews. Because of its rare occurrence and the misdiagnosis frequently occurred in clinical practices, we believe that sharing information regarding the diagnosis, treatment, and prognosis of patients with SAs is valuable.
In the present report, we summarise our experience treating a relatively large number (n = 21) of patients with SAs over approximately 10 years. More specifically, we describe the correlations between Body Mass Index (BMI) and SAs, the imaging features of SA, including the new classification of SA based on Magnetic Resonance Imaging (MRI) findings, the surgical treatment strategies, and the factors influencing prognosis.
Materials and methods

Patients
We retrospectively reviewed the records of all patients who were diagnosed with SA at the Third Hospital of Peking University from January 2001 to February 2013. The study inclusion criteria were as follows: a diagnosis of SA as confirmed by two pathologists after review of pathological sections, surgical treatment for SA.
The following details were obtained from each patient's medical records: demographic details, BMI, history of disease, clinical signs, radiological manifestations, tumour pathology, surgical approach used and operative details, pre-and post-operative JOA scores. After surgery, patients were followed up at 3, 6, and 12 months and then once every 6 months, during which clinical follow-up, computed tomography (CT) and/or MRI scans were performed.
The study was approved by the ethics committee of the Third Hospital of Peking University.
Clinical evaluation
Clinical investigations of back or leg symptoms and neurological status were performed before and after surgery using the modified JOA scales for thoracic disease (Table 1; full normal score 11 points) [4, 5] . The JOA recovery rate was calculated as proposed by Hirabayashi et al. [6] as follows: postoperative JOA score ð À preoperative JOA scoreÞ= 11 À preoperative JOA score ð Þ Â 100.
Radiological manifestations of SAs and tumour classification
Tumours were classified by examining CT and MRI images of the tumour and surrounding tissue. The images obtained were also used for surgical planning. We initially established the SAs classification as Type I (intraspinal) and Type II (dumbbell-shaped). Type I tumours were characterised by lesions confining to the spinal canal. Type I tumours were further subclassified as Type IA (without lipomatosis) and Type IB (with lipomatosis). Unlike the findings previously described in the literature that SAs were protean, the signals of SAs in the MRI examination were basically the same. The fat content appears hyperintense on T1-and T2-weighted images, meanwhile the vascular component appears isointense to the cord in T1 weighted images, and appears hyperintense on T2-weighted images. Because SAs have a mixture of fat and vascular component, the tumours have basically the same and specific imaging findings. Type IA tumours were characterised by a mainly homogeneous lesion which was isointense on T1 images and hyperintense on T2 images. On fat suppression sequences, the signals were not only diminished, but also had been enhanced. After injection of contrast medium, SAs were strongly enhanced on fat-saturated images (Fig. 1) . For Type IB tumours, the portions rich in vessels were consistent with the description above, whereas there was lipomatosis in its upper and/or lower segments which appear hyperintense on T1-and T2-weighted images. On fat suppression sequences, lipomatosis were weakened signals, and no enhancement performance was observed (Fig. 2) . Type II tumours were characterised by tumours expanding out of the intervertebral foramina (Fig. 3 ).
Pathology and diagnosis
All tumours were pathological examined by two independent, experienced pathologists. Histologically, SAs are composed of mature adipose tissue and plentiful blood vessels, features of which are either normal or mimicking capillary angiomas. The fatty tissue is of the mature type and shows no remarkable findings. A thin capsule may surround the lesion. Atypia, pleomorphism, mitotic figures and karyotypical abnormalities were all not found. Observing fibrin thrombus can help diagnosis.
Statistical analysis
All data were presented as means ± SDs. Statistical differences between variables were compared using independent-samples T tests. All statistical assessments were considered significant if P \ 0.05. Statistical analyses were performed using SPSS 15.0 statistical software (SPSS Inc., Chicago, IL, USA).
Results
Demographic characteristics
A total of 21 patients (12 men and 9 women) met the inclusion criteria. The mean patient age was 52 ± 13 years (range 19-74 years); while the mean history of the disease before diagnosis was 31 months (range 12 h-30 years). According to the previously classified methods, there were 17 cases of non-infiltrating spinal angiolipoma and 4 cases of infiltrating spinal angiolipoma. Spinal angiolipoma locations included the thoracic segment (n = 15), lumbar segment (n = 3), lower cervical segment (n = 2), and thoracolumbar segment (n = 1), and from another point of view, it included the extradural position (n = 19) and dumbbell shape (n = 2). Among these, one patient had concomitant intradural schwannoma, and five patients had concomitant multiple vertebral hemangioma (Table 2) . No patient received another therapy method except for surgery.
Radiological manifestations and tumour classification
Two patients lacking of radiological information were excluded from tumour classification. Finally, a total of 17 patients had Type I tumours, whereas two patients had Type II tumours. Of the patients with Type I tumours, eleven had Type IA tumours and six had Type IB tumours.
Pathology and diagnosis
Histological examination of the 21 tumours disclosed angiolipoma. It was a special tumour composed of mature lipocytes with delicate proliferating blood vessels (Fig. 4) . Atypia, pleomorphism, and mitotic figures of both adipose and angiomatous component were not encountered. Immunohistochemical study was done in two patients, and the result was: SMA (?), CD31 (?), Elastic fiber staining (?), S-100 (-) (patient No. 15); CD34 (?), CD31 (?), S-100 (?), ki-67 (?\1 %), CD56 (-), Inhibin-a (-), NSE (-), ck mixed (-), EMA (-), GFAP (-) (patient No. 20). Fibrin thrombus can be found sometimes.
Surgery
All of 21 patients received total resection. Laminectomy was carried out in 13 patients, unilateral hemilaminectomy in six patients, recapping laminoplasty in one patient and internal fixation in one patient. Generally speaking, the tumours involving fewer segments were removed en bloc, and the ones involving more segments were taken out in a piecemeal but not an intralesional manner. Adhesions between tumours and dura mater were not serious, the bone damage was also caused by tumours' expansive oppression, hardened edge of the bone often exists, boundaries between the two masses were basically clear, dissection of the tumour and then en bloc resection of tumour is not difficult. For the infiltrating SAs, insufficient surgical field may be a barrier to achieve en bloc resection of tumours. However, in this case, the tumours can be cut into blocks and then removed. No matter whether the tumour was infiltrating or not, full resection of the tumours was achieved by simple posterior approach in these 13 patients.
Considering the slight adhesions, a complete surgical dissection can be accomplished by making a smaller incision and restricted bony opening. Unilateral hemilaminectomy, for example, was a choice.
Type IB tumours
This type had lipomatosis in its upper and/or lower segments. However, many neurosurgeons and orthopedists were not aware of the significance of its existence. In the vast majority of cases, operators only dealt with the part rich in vessels, left the lipomatosis in its original shape and so did our six patients.
Type II tumours
The lesion involved the spinal canal inside and outside, and forms a dumbbell-shaped structure. So, unilateral vertebral arch often needs to be removed to provide adequate operative space. In patient 18, the tumour adhered to pleura membranes, but blunt dissection of the tumour was still able to implement. After removing the sternocostal join, the mass was entirely resected.
Clinical evaluation and follow-up Table 3 summarises the overall outcomes for the 21 patients. The mean BMI of group IA was less than group IB (26.3 ± 2.0 vs 28.5 ± 1.6; P = 0.04). Surgery provided all of them with symptomatic relief to some degree. The mean preoperative JOA score was pretty close between the IA and IB group (7.0 ± 3.3 vs 7.8 ± 2.1; P = 0.60), whereas the IA had better prognosis (10.7 ± 0.5 vs 9.5 ± 1.0; P = 0.02). The mean recovery rate was 93.9 ± 12.5 % with IA group and 45.5 ± 32.1 % with IB group. Chemotherapy and radiotherapy were not routine adjuvant treatments for those patients who underwent subtotal resection.
Discussion
Herein, we have retrospectively reviewed the clinical findings regarding diagnosis, surgical treatment, and outcomes for 21 cases of SAs from a single institution over the past decade. To our knowledge, our report is the largest single centre report on SAs and hence, we believe that it is a valuable contribution to the existing literature on this rare form of SAs.
Demographic characteristics
In many aspects, our cohort of patients with SAs are consistent with previous literatures: SAs predominate among the 40-to 60-year age group [7] [8] [9] , duration of symptoms is usually long in SAs [10] , SAs generally arise from the posterior epidural space at the thoracic levels and usually extend over several vertebral bodies [11] .
However, there are some differences, too. We summarise the differences as three interesting phenomenon: (1) This article reports two cervical SAs (c3-c6 and c4-c6). For the tumours occurring in the cervical segments, the patients' age is 19 and 26, the history of disease before diagnosis is 12 h and 2 weeks, respectively. Besides the two patients, all suffered from epidural haemorrhage which was confirmed by surgery. The two patients were very dissimilar to others. Groen's one article [12] which discussed spontaneous spinal epidural hematomas also showed the related interesting phenomenon: all vertebral segments can be affected by spontaneous spinal epidural hematomas, with a predominance of the C6-around area (Fig. 4) . Though I do not have rigorous evidences to support a hypothesis right now, I still think it is a phenomenon worth exploring. (2) Although some literature suggested that a female predominance was observed in SAs [13] , in our cohort of patients, there were more men (n = 12) than women (n = 9). Of course, this may be due to the result in a single center selection bias. (3) There were 23.8 % cases (5/21) that had the coexistence of vertebral hemangiomas. This seems higher than the prevalence in the general population. On the other hand, Barzin [14] pointed out that the incidence can be influenced by diagnostic tools. The incidence was higher in MRI researches (27 %) than in autopsy and X-ray studies (10-12 %). My samples were relatively small, further studies of larger samples were required to find out the truth.
Clinical presentation
From a clinical point of view, extradural angiolipomas do not differ from other benign space-occupying spinal lesions. Subjective complaints are mostly of sensory disorders and motor deficits below the level of the lesion [15] that often progress to weakness in the lower limbs for long periods with sphincter dysfunction in the later stages [16] ( Table 4) . Because the SAs are predominately found in the dorsal part of the spinal cord, the appearance of the sensory disorders is ahead of the motor deficits. Duration of symptoms is usually long in both types.
Some patients presented with a remitting and relapsing course in both groups. These relapses may attribute to the characteristics of vascular lesions. Pregnancy [17, 18] may promote such change. Sudden onset or worsening of neurological symptoms occurred when there is a rapid increase in tumour size due to intratumoral thrombosis, haemorrhage, or a steal phenomenon [19] . In addition, there was a history of weight gain coincident with the onset of symptoms in two cases [20, 21] .
Radiological manifestations and tumour classification
In most instances, spinal radiographs were normal with only a few reports of bone involvement, i.e. erosion of the pedicles or vertebral body, trabeculation, widened pedicles and foraminal widening. Computed tomographic examination can give some hints and allow for the assessment of bone degradation compressed by the tumour. Magnetic resonance imaging was particularly useful for determining the features of a neoplasm. Besides, the presentation of SAs did not vary greatly as said before in the literature. They had a substantially uniform composition, so they had special and unique performances in T1, T2, fat-suppress, and enhancement sequences. Previously, SAs were divided into infiltrating and noninfiltrating types. The infiltrating type was more complex and hardly reached complete resection. They should be considered and treated differently [22] [23] [24] [25] . However, some scholars found out that the two types were basically the same [18] , and these literatures were mostly before 1990. More recently, some experts also reported several fullresection cases. In addition, based on the author's experience, the bone damage of the infiltrating type was caused by tumours' expansive oppression, boundaries between the two masses were basically clear. Be more patient, total resection of the tumour was still possible.
Also, the outcomes of the infiltrating and non-infiltrating types had no differences [26] . The previous classification is meaningless for surgery design and outcome assessment and a new classification strategy is proposed in this article.
Pathology and diagnosis
Histologically, a tumour composed of mature lipocytes with delicate proliferating blood vessels was seen [27] . The ratio of fat to vessels was variable [3] , but the two components were uniformly mixed together. Tumours with an abundance of smooth muscle proliferation were further subclassified as angiomyolipomas [3] . Atypia, pleomorphism, and mitotic figures of both adipose and angiomatous component were never encountered [18] .
Treatment options and results
In the present report, we have described a classification system for Spinal angiolipomas, which may be used as a guide for treatment. Type IA tumours always has a clear boundary and involved less vertebral segment, so the treatment method is relatively simple and minimally invasive surgery skills can be tried. Overweight people are more likely to get the Type IB, and its results are slightly worse than Type IA. For this point, I think, the spinal cord compression caused by lipomatosis is the reason. The operators must be aware of the importance of lipomatosis, and make removal of the surrounding fat as much as possible when operating [28] . For the patients whose lipomatosis was not dealt with or cannot be fully removed, a diet therapy aiming at losing weight may be a choice. Fogel et al. [29] reported that the patients who managed conservatively by weight loss improved in 81.8 % of the cases in simplex spinal epidural lipomatosis. Type II tumours are more complex, and internal fixation may be needed. Recurrence is exceptional in SAs.
Conclusions
In summary, we have retrospectively described our experience treating a relatively large number of patients with SAs over a period of approximately 10 years. The diagnosis of SAs should be made with reference to clinical, radiological, and pathological examination findings. SAs should be treated with surgical resection, and most patients have a good prognosis.
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